Effects of 2 mass% Li addition on the AZ80 Mg alloy are investigated, including crystal structures, mechanical properties and corrosion resistance. Experimental results show that the density of AZ80 Mg alloy can be reduced to be 1.71 g/cm 3 by addition of 2 mass% Li. Both the AZ80 and AZ80-2%Li Mg alloys exhibit the two-phase microstructure with and phases. Adding 2 mass% Li to AZ80 Mg alloy can obviously increase the ductility and impact toughness, but reduce the corrosion resistance.
Introduction
Magnesium alloys are considered as potential candidates for numerous applications, especially in transportation vehicles or lightweight enclosures for 3C (computer, communication and consumer electronic) products owing to their excellent properties, such as low density, high specific strength, high damping capacity and high recycle ability. [1] [2] [3] The AZ80 alloy has been a well-known commercial magnesium alloy, due to its high strength and low price. [4] [5] [6] Some studies of AZ80 alloy have also been reported, including its microstructure and mechanical property, 7) creep behavior, 8, 9) forging 10) and welding. 11) However, the AZ80 Mg alloy still has some drawbacks, such as the poor ductility, low thermal conductivity and resistivity, etc. These drawbacks of AZ80 Mg alloy are expected to be improved by addition of Li element. To the author's knowledge, few papers reported the effects of Li addition on the Mg alloys. [12] [13] [14] Hence, in the present study, by 2 mass% addition of Li element in AZ80 alloy, we aim at systematically investigating the crystal structures, mechanical properties and corrosion resistance of AZ80-2%Li Mg alloy.
Experimental Procedures
The AZ80 and AZ80-2%Li Mg alloys in the form of extruded plates with 10 mm thickness resulting from casting rods with diameter of 200 mm were used. Both alloys were analyzed with ICP-AES (Induction Coupled Plasma Atomic Emission Spectrometry) apparatus, and their chemical compositions are presented in Table 1 . The densities of AZ80 and AZ80-2%Li Mg alloys were measured to be 1.80 and 1.71 g/cm 3 , respectively. Optical microscope (OM) and scanning electron microscope (SEM) were employed for observation of microstructure and surface morphology. X-ray diffraction (XRD) was utilized for the identification of crystal structures. Tests of potentiodynamic polarization and static immersion were used to analyze the corrosion resistance. The hardness was measured by a microvickers tester with a load of 25 g for 15 seconds. The mechanical properties, involving the tensile strength, yield strength, elongation and impact toughness were examined by using the tensile and Charpy impact testers. Figure 1 (a) and (b) show the OM microstructure of the as-extruded AZ80 and AZ80-Li Mg alloys, respectively. Both AZ80 and AZ80-2%Li Mg alloys exhibit the two-phase microstructure of (Mg, HCP) and (Mg 17 Al 12 , BCC) phases, with fine strips along the extrusion direction. Table 2 presents the hardness of and þ phases for the AZ80 and AZ80-2%Li Mg alloys. The þ phase has a higher hardness than phase because the hardness of phase can reach a high value of 70$75H v . Figure 2 (a) and (b) show the XRD patterns of the asextruded AZ80 and AZ80-2%Li Mg alloys, respectively. The diffraction spectra in Fig. 2 show that both alloys comprise (Mg) and (Mg 17 Al 12 ) phases, although the peak height of phase is much lower than that of phase. This result is consistent with the microstructure observation shown in Fig. 1 . Meanwhile, it can also be found that both AZ80 and AZ80-2%Li Mg alloys have similar XRD patterns, as illustrated in Fig. 2(a) and (b) . This indicates that addition of 2 mass% Li will not affect the crystal structures of AZ80 Mg alloy. Figure 3 (a) and (b) show the engineering stress-strain curves of as-extruded AZ80 and AZ80-2%Li Mg alloys, respectively, at various temperatures. To compare the mechanical properties of AZ80 and AZ80-2%Li Mg alloys, the tensile strength, fracture strain and corresponding deformation temperature showing in Fig. 3 are replotted in Fig. 4 . As shown in Fig. 4 , the fracture strain for both alloys increases significantly with increasing deformation temperature, and the tensile strengths hardly change at below 100 C and then decrease rapidly at temperatures higher than 150 C. Meanwhile, the AZ80-2%Li alloy has a little lower tensile strength and a higher fracture stain than those of AZ80 alloy. Figure 5 (a) and (b) show the engineering stress-strain curves of as-extruded AZ80 and AZ80-2%Li Mg alloys, respectively, tested at 25 C and with various strain rates. The tensile strength, fracture strain and corresponding strain rate showing in Fig. 5 for both AZ80 and AZ80-2%Li Mg alloys are also replotted in Fig. 6 . As shown in Fig. 6 , the tensile strength increases, but fracture strain decrease, with increasing strain rate for both alloys. The variation of tensile strength and fracture strain exhibits a nearly linear relationship with the strain rate by a log scale. In Fig. 6 , one can also find that the AZ80-2%Li alloy has a little lower tensile strength and a higher fracture stain than those of AZ80 alloy at various strain rates. All results showing in Figs. 4 and 6 indicate that the addition of 2 mass% Li element can improve the ductility of AZ80 alloy. Figure 7 shows the Charpy impact toughness of asextruded AZ80 and AZ80-2%Li Mg alloys at different impact temperature. As shown in Fig. 7 , the impact values for both AZ80 and AZ80-2%Li Mg alloys increase with increasing impact temperature. Their brittle transient temperatures are about 200$250 C. In Fig. 7 , one can also find that the impact values of AZ80-2%Li alloy are higher than those of AZ80 alloy. This feature indicates that the addition of 2 wt% Li element can improve the impact toughness and formability of AZ80 alloy. Figure 8 shows the potentio-dynamic polarization curves in H 2 O and 3.5% NaCl solutions for the as-extruded AZ80 and AZ80-2%Li Mg alloys. As shown in Fig. 8 , the AZ80-2%Li alloy has a lower corrosion potential and a higher corrosion current density than those of AZ80 alloy, especially in the 3.5% NaCl solution. It indicates that the AZ80-2%Li has a worse corrosion resistance than AZ80 alloy. This phenomenon is reasonable because that the Li element has a very high activity and its addition will reduce the corrosion resistance of AZ80 alloy. In Fig. 8 , it can also be found that the corrosion potentials are lower, but the corrosion current densities are higher in the 3.5% NaCl solution than those in H 2 O for both AZ80 and AZ80-2%Li alloys. In 3.5% NaCl solution, the Cl À will be absorbed on the surface of these alloys. This will change the corrosion potential and destroy the protective film on the alloy's surface. Hence, their corrosion resistance is reduced. Figure 9 shows the plots of weight loss vs. immersion time for the as-extruded AZ80 and AZ80-2%Li alloys, which are immersed statically in H 2 O and 3.5% NaCl solutions. Figure 10(a-d) show the surface morphologies of AZ80-2%Li and AZ80 alloys, respectively, which have been subjected to immersion for 336 hrs (14 days) in H 2 O and 3.5% NaCl solutions. When staticly immersed in H 2 O solution, both AZ80-2%Li and AZ80 alloys have no obvious weight loss even for immersion of 336 hrs, as shown in Fig. 9 . This result means that both AZ80-2%Li and AZ80 alloys can exhibit an excellent corrosion resistance. The surface morphologies shown in Fig. 10 (a) and (b) also verify this phenomenon. In Fig. 10 (a) and (b), there is even no obvious corrosion trace for both alloys staticly immersed in H 2 O solution for 336 hrs. When immersed in 3.5% NaCl solution, the weight loss of AZ80-2%Li alloy is found to be much higher than that of AZ80 alloy. As corresponding to Fig. 10 (c) and (d), the AZ80-2%Li alloy has a severer corrosion surface than the AZ80 alloy does. All these results are consistent with the potentio-dynamic polarization curves, which indicate obviously that the addition of 2 mass% Li will reduce the corrosion resistance of AZ80 alloy. Hence, it is necessary to improve the corrosion resistance of AZ80-2%Li alloy by means of surface techniques prior to the real applications.
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Conclusion
The effects of 2 mass% Li addition on the AZ80 alloy are investigated, including crystal structures, mechanical properties, and corrosion resistance. Results in this study can be summarized as follows.
1. Both AZ80 and AZ80-2%Li Mg alloys exhibit the twophase microstructure of (Mg, HCP) and (Mg 17 Al 12 , BCC) phases, with fine strips along the extrusion direction. 2. The AZ80-2%Li alloy has a little lower tensile strength and a higher fracture stain than those of AZ80 alloy. Meanwhile, the impact values of AZ80-2%Li alloy are higher than those of AZ80 alloy. These results indicate that the addition of 2 mass% Li element can indeed improve the ductility, impact toughness and formability of AZ80 alloy. 3. The corrosion potentials of AZ80-2%Li alloy in both H 2 O and 3.5% NaCl solutions are lower than those of AZ80 alloy, and the corrosion current densities of AZ80-2%Li alloy are higher than those of AZ80 alloy. The static immersion in a 3.5% NaCl solution also exhibits that the weight loss of AZ80-2%Li alloy is higher than that of AZ80 alloy. These results indicate that adding 2 mass% Li to AZ80 Mg alloy will reduce its corrosion resistance. Fig. 8 The potentio-dynamic polarization curves in H 2 O and 3.5% NaCl solutions for as-extruded AZ80 and AZ80-2%Li Mg alloys, tested at 25 C. 
